Classification into month-specific cutpoints is used to minimize misclassification associated with single measurement of serum 25(OH)D. This study aims to evaluate this strategy, and to compare it with the widely used classification into overall cutpoints. For this purpose, we studied 69 553 subjects in whom serum 25(OH)D was tested on two different occasions. The level of agreement between the quartiles of the first and second tests was 43.8% between the month-specific quartiles and 43.1% between the overall quartiles. The level of agreement between the quartiles of the two approaches was 80.0% and 94.3% in the first and second test, respectively. The extent of seasonal variation (summer-autumn as compared with winter-spring) of serum 25(OH)D was higher in males and in Jews, inversely associated with baseline levels, body mass index and age, and directly associated with socioeconomic class. The month-specific cutpoint strategy does not seem to offer advantage over the overall cutpoints strategy.
INTRODUCTION
Serum 25(OH)D levels are characterized by seasonal fluctuation. 1, 2 Hence, determining the long-term average levels is considered to be the optimal measure of exposure. 3 Most of the association studies between vitamin D and dichotomous outcomes usually rely on a single measurement of serum 25(OH)D level, 4 ,5 leading to non-differential misclassification of the long-term exposure. Several approaches have been used to minimize exposure biases when creating 25(OH)D exposure categories; classification into month-or season-specific quartiles within each month or season of blood sampling is used by some studies in order to reduce the misclassification. 4, 6, 7 This approach assumes that subjects remain in their season or month-specific quartiles, 6 which may be representative of the long-term average levels. This study aims to evaluate this strategy, and to compare it with the widely used classification into overall cutpoints not accounting for the time of sampling collection.
MATERIALS AND METHODS
The data for this study were from the database of Clalit Health Services (CHS), which is a not-for-profit health maintenance organization (HMO) covering more than half of the Israeli population. On searching the database we identified subjects who had at least two tests of serum 25(OH)D between January 2008 and September 2011; the search was limited to tests that were performed in the two largest CHS laboratories (n ¼ 188 771). In subjects who performed more than two tests during this period, the results of the first and the most recent tests were used. We excluded subjects who were treated with vitamin D supplements during the last 6 months before the first or the second tests (n ¼ 94 418 after exclusion). For the purpose of this study, we limited the analysis to subjects in whom the first and second tests were performed in different seasons (n ¼ 69 553).
Serum 25(OH)D was tested using the LIAISON25-OH Vitamin D TOTAL assay (DiaSorin, Stillwater, MN, USA), a competitive two-step chemiluminescence assay.
Two approaches were followed to classify serum 25(OH)D levels into quartile, month-specific quartiles (within each month of blood sampling) and overall quartiles (not accounting for the sampling time). We calculated the level of agreement (%) between the first and second test quartiles of each approach separately, and between the quartiles performed by the two approaches, separately for the first and the second test.
Multiple linear regression model was used to estimate the independent effect of each demographic and anthropometric variable on the change of serum 25(OH)D between seasons.
RESULTS
Of the 69 533 included subjects 49 349 (71.0%) were females. The mean age was 56.0 ± 17.9 years at the time of the first test. In total, 62 001 (89.1%) subjects were Jews.
The level of agreement between the month-specific quartiles of the first and second serum 25(OH)D tests was 43.8%, and was 43.1% between the overall quartiles. These measures were unchanged in both approaches at different time intervals between the two tests. The level of agreement between the quartiles of the two approaches within the first and second test separately was 80.0% between the first test quartiles of the two approaches, and 94.3% between the second test quartiles of the two approaches.
A comparison between the two approaches as regard to the quartiles of the first serum 25(OH)D test and the corresponding quartiles of the second test is presented in Figure 1 .
To assess the extent of seasonal variation of serum 25(OH)D, we performed separate analyses in a subgroup of subjects whom first test was performed in winter-spring and the second test in summer-autumn (n ¼ 26 063). The difference between the two tests, which represent the degree of seasonal variation, was calculated for each subject. The adjusted mean difference between the two tests was greater in Jews compared with Arabs, and in males compared with females, and was inversely associated with age, body mass index, and baseline level of serum 25(OH)D, and directly associated with the socioeconomic class ( Table 1) .
DISCUSSION
This study revealed that only 43.8% of the individuals remained in the same month-specific quartile in repeated measurement, and this proportion was similar using the overall quartiles approach.
These findings may be explained by the variation in the degree of seasonal fluctuation between subjects, depending on their baseline characteristics, suggesting that levels of serum 25(OH)D tests collected at the same time may not be comparable between subjects because of different seasonal variation, hence, subjects with the same level may have different average long-term levels.
The degree of seasonal variation was inversely associated with age; this observation is in line with a previous study, 8 and may be explained by decreased outdoor activity with increasing age. Compared with Arabs, Jews have greater increase in serum 25(OH)D in summer-autumn. This may be explained by different; skin color, clothing and outdoor activity. 2 The increase of serum 25(OH)D in summer-autumn was inversely linked to body mass index. This finding is similar to other studies 9, 10 and may be explained by enhanced uptake by adipose tissue, increased metabolic clearance and less exposure to sunlight. 9, 10 Socioeconomic status was directly associated with the degree of seasonal variation. Low socioeconomic status is associated with poor health, which in turn is linked with less outdoor activity and lower exposure to sunlight.
The extent of seasonal variation was inversely associated with the baseline levels of serum 25(OH)D, suggesting the presence of a negative feedback between serum 25(OH)D and the activity of 25-hydroxylase in the liver.
The main strengths of this study is the large number of subjects with a wide range of ages and longitudinal measurement of serum 25(OH)D levels that permitted the estimation of the specific seasonal variation for each subject. Nevertheless, this study is a database-based, and the study population may be selective and not representative of the general population. However, during the period of this study there was an increasing interest of the general public in assessing vitamin D status; hence, 25(OH)D measurement was not limited to high risk population. 2 In summary, our study revealed that more than half of the individuals did not remain in the same month-specific quartile in repeated measurement. This may result from a varying degree of seasonal fluctuation between subjects. The advantage of this strategy over the widely used classification into overall quartile is questionable.
